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INTRODUCTION 

Anderson h n c h  Dam i s  a rock and e a r t h f i l l  structure, approximately 

3 ~ 6  f e e t  h ich ,  l oca ted  about 45 milee southeast  of Boise, Idaho,. on t h e  

south fo rk  of the Boiee River ,  Figure 1. The r e s e r v o i r  formed by the 

dam will be about 15 miles 10% and will have a s torage  capaci ty of 

500,OO acre-fee t. 

The s>illway, with A m~xirmun capaci ty  of 20,000 second-feat, w i l l  be 

con t ro l l ed  by two +foo t  by 22-foot r e d i a l  ~ a t e s  mounted to  sea t  on a 

law ogee sec t ion  a t  the entrance. The f i v e  o u t l e t s  through the d m  w i l l  

be cont ro l led  by f i v e  72-inch hollow-jet valves Paving PL t o t a l  m a x i m  

capacity of 10,000 second-feet. These o u t l e t s  will be used f o r  the 

r egu la t ion  of t h e  r e s e r v o i r  level and r i v e r  flow downstream and, during 

per iods  of flood flow, w i l l  be used t o  supubement the spi l lvay .  The 

s ~ i l l w a y  and o u t l e t  works c o n s t i t u t e  a combination s t r u c t u r e  i n  which the 

spil1wa.y ?low shoots over  the o p e n i n ~ s  f o r  the o u t l e t  valves and plunges 

into R a t i l l i n ~ p o o l  tx shor t  d i s t a n c e  downstream. The o u t l e t  valves 

discharge under the sc i l lway  flow and I n t o  the same ~ t i l l i n g - . p ~ ~ l .  The 

pool w a s  intended t o  o p e r a t e  s ~ t i s f s c t o r i l y  fo r :  

a. Any combination of va lves  opera t ing  wi th  no discharge from 

the spillw~g. 

b. Any combimtion of velvee opera t ing  and any flow up t o  

maximum over the s p l l l w 3 ~ .  





The major par t  of the model studles conriated of t e s t s  to determine 

the most su i tab le  s t i l l ing-pool  f o r  the combined epillwery and ou t le t  

flows or aqv combizlstion thereof. Thie par t  of the sttlav involved 

tee t ing  seven d i f f e r en t  pool p rof i les  i n  combinrntlon with d i f fe ren t  vslve 

spacings, several types of p i e r  walls, different  types o f  apron teeth 

and pool s i l l e ,  and various pobl w a l l  mlopee from ve r t i ca l  to 5: 1. The 

L1 etl l l ing-pool aombinations atudies nre l i e t ed  i n  Table I a t  the baok 

of the  report. Deatgn No. b, Figure 3 ,  was ahoeen as tha recommend~d 

design a f t e r  a l l  o ther  dsftien Pactore ware considered. I t  conoistsd of 

v e r t i c a l  s t i l l ing-pool  walls, 'Fype D si l l  (Figure 31, w e  C apron 

teeth ( ~ i ~ u r e  31, and Type V I  pier walls ( ~ i g u r e  4) on 2CbZaot centers. 

In general, the recommended design, am determined from the model, i r  

the same as that  shown on Figure 2, except that the eqtvrrtion of the apron 
2 pro f i l e  b e l a  the  ou t l e t  vlrloe was changed from -Y to -Y = x2 . 

w' 3253 
This wae  done t o  make the apron profiLe conform t o  data obtained from 

later t e s t s  with t h e  hollou-jet valves. 

TEE MODZLS 

Two models were used i n  the study, one a conrposite r t ructure  of 

both t h e  8 p i l l w a ~  8nd out le t  worke on a 1:48 scale,  and the other a 

model of t h e  outlet works only on a l:24 scale. The de ta i l s  o f  the 1:48 

scnle model a r e  shown on Figure 5. The headbox war constructed of r o v h  

lumber and lfned with lightweight sheet, metal to prevent leakage of' 

water. The box contained an Intake pipe and B rock baffle to  s t i l l  the 

flaw before i t  entered the model fntake. The reservoir  contours, i n  the 

vic in i ty  of the spillway, wore placed i n  the haadbox, and the in take,  

constructed of -concrate and sheet metal, was s loa  lne ta l lad  i n  the  box. 

The g a t e  section and crest were made of redwood. The rgillwey chute coa- 

s i s t ed  of a frame supportine a plywood f loor  and redwood clideualls. The 

t r ~ n a i t i o n  from the vertical walls at the gate sect ion t o  the rloplq6 

walls o f  the ohute was effected by a r r s q  conrrieting of a mizturs of 





THE SPILWAY 

I n t a k e  Studies 

The origiarnl Intake, ar rhoorn on Figure 6, war s a t l r f a c to rg  from a 

hydraulic atandpoint. There vare small r ipp les  present  on the north s ide  

of the Intake sect ion near the  patr ream end o f  the concrete l in ing .  Thcee 

@ seemed to  b v e  l i t t l e  e f f e c t  on the flow. They probably were caueed by 

surface tension In the moael and were not the r e s u l t  of a deficiency in 

design. 

A t  t h i s  po in t  i n  the  tooting prognsm, the spillway leo?gth was increased 

f o r  s t r u c t a r a l  reasons, s procedure which resu l t ed  in an unfavorable loca- 

t i on  of the original intake design. Accordingly, the  daolgn vas revised 

as ahown on P f p r s  7 8 ,  snd found t o  be sa t i s fac to ry .  The r i p , ~ l e a  were 

at111 present on the north s lde  of the intake, ae  was cb s l i g h t  dre~wdaw~ 

i n  water surface due to  a higher accelera t ion of f l w  i n  the aarrower 

aectfan. An attempt was made t o  r e c t i f y  the drawdown by flattening the 

sideslogeu, thue increasing the approach a rea  and decreasing t he  Gvelocity 

of rap-proach. Some improvement war obtained In  thrt the magnitude of the  

r i pp l e s  and drawdovn was becreseed. 

With the length sf the spillway increased, i t  we.$ nov posslble to 

r a i s e  the spil lway crest 2 f e e t  and obtain the same discharge. I t  wee 

an t i c i pa t ed  t ha t  r a i s i ng  the crest would improve the flow In  the 8 ~ p r 0 ~ h  

channel, s ince  the  s lope on the nor th  r i d s  could be f l a t t ened  r t i l l 'more  

to provide sdd l t l ana l  approach area. Thin  was ve r i f i ed  in the model: 

however, t h e  s i z e  of the r ipp les  rasd dsaudown wea decreased only a s l i g h t  

aarount. 

Although Design I was  conaidered ra t l s fac to r7 ,  i t  l a t e r  appeared 

t ha t  by revis ing the i n l e t  $till mom, i t  m l & t  be paneible t o  remove the 

reverne c u n e  i n  the roadway at the c r e s t  of the dam. Two dso ims ,  shown 

on Figurea 78 snd C, were taste6 with th ie  in v l w ,  but both showed 

exceasire drerrdorn cacsed by r e r t r i c t i n g  the area of tho approi~cb channel. 



I of  t f ~ e  c h a n n e l  extended t o  t i  p o l n t  where t h e  bottom o r  t h e  channe l  was 

?)elow e l e v ~ t i o r .  b169.0. ~t t h i s  ~ o i n t ,  t h e  n q t u r ~ 1  <round s u r f a c e  s l o p e s  

downwsrd which w - u l d  prov ide  a b e t t e r  channel  s lppro~ch .  Ac t u n l l y ,  the  

dr:rwrl own i n  VIQ t e a r  surf a c e  under  t h e e e  condl t i o i l s  still would be p r e s e n t  - 
b$r t  i t  wnul l i  occur more ~ 3 r a d u q l l y  due t o  a more g r a d u a l  8 :ce le ra t ion  o f  

flow. T h ~ r e  WOUI:! be no r e n l  ~ a i n  i n  h c n d ,  but only fin improvement I n  the! 
* 

sppen r a n c e  o f  the  wk t~ r surf sce .  

T h i s  t v v  o f  i n l o t  would h ~ v e  A e t r a c t e d  From the an-wtrnnc(? of the 

8tructu: -s  w e l l  RS s d d i n g  t o  t h e  cos t .  Xn view of t h e  f s c t  t h a t  i t  did 

n o t  a d d  t o  the  h y d r - u l i c  p r o p e r t i e s  of the s t r u c t u l - e ,  t he  desien wea 

aban!?oned i n  f ~ v o r  of  tn.?t shown i n  Figure 2 which w a n  f i n a l l y  recommended. 

Chute S t u d i ~ a  

Thle c n r t  o f  t h e  s t u d y  c o n s i s t e d  o f  n d j u e t i n g  t h e  t r s n s i t i o n  from t h e  

pnt.e o e c t i n n  t o  the  c h u t e  w a l l s ,  ~ n d  a d j u o t i n e  t h e  c h u t e  w a l l s  u n t i l  R 

a ~ t i s f - c t n r y  d i s t r i b ~ t i o n  of f low was obta ined .  T h i s  w e 6  s c c o m p l i ~ h e d  by 

u ~ i n ~  rubber  nnts t o  fo rm t h p  c h u t e  ~ i d e w s i l s  and a d j u s t i n s  t h e  l o c ~ t i o n  

of tk.e m ~ t a  u r t i l  t h e  b e s t  d i s t r i b u t i o n  of  f low w?.s o b t s i n e d  i n  the chute. 

f o r  t h e  most . s d v ~ r o e . f l o v  conr i i t ions .  This c o n d i t i o n  bras usuft l ly  ob ta ined  

 wit:^ f l o w  fr01i6 one q ? t e  only. A f t e r  t h e  l o c ~ t i a n  o f  t h e  w a l l s  was d e t e r -  

mined, t h e  rubber m ~ t s  were r e p l a c e d  w i t h  redwood wells. Writer s u r f a c e  

c r o s s - s e c t i o n s  were t h ~ n  t sken  t o  show t h e  t i i s t r i b ~ t i o n  of  f low i n  the 

chute ,  .nd s r e  shown on F i c u r e  P. T h i s  f i g u r e  ~ l s o  ghows R com?arisar, of 

l,!?p d i s t r ! b l ~ t i o n  o f  f low " t  t h e  e n d  of  t h r  chute, 3Lwtion 17455.91 with 

t o t h  p r - t p s  r ! isc!I~rpLn~ lO,nOO ~ n d  20,oOo second- fee t ,  P-nd one g ~ t e  d i s -  

c h r t r q i n q  10,nna second-feat. These c : .oss - s~c t iona  i n d i c ~ t e  good d i s t r i b u t i o n  

o f  flow i n  a i l  ceaes .  The c r o s s - s e c t i o n s  i n d i c ~ t ~ e  t h n t  t h e  wall s r r a w e l n c n t ,  

shown on F l  yure 7, will g i v e  s a t i s f s c t o r y  d i s t l e i 5 u t i o n  u n d e r  t h e  rnnst 

adverse o f i ~ l x t i n ~ :   condition^. 
b 



O r l  ~ i n n l  Zes!nn 

The d e s l ~ r ,  shown an F i ~ r e  6 ,  is cons idered  t h e  o r i i i n a l  des ign  s i n c e  

i t  w n a  t h e  f i r p t  t o  be t e g t e d  i n  t he  model. A c t u a l l y ,  the  o r i a i n ~ l  deeim 

- ' i ~ d  a d i f f n r e n t  s p i l l w a y  ~ n t r a n c e ,  a s h o r t e r  c r e s t ,  and t h e  o u t l e t  vcilvee 

were  ~ p ~ . c e d  a t  l F - f o o t  c e n t e r s .  During t h e  c o n s t r u c t i o n  o f  t h e  ruodel, 

. cn~ngee were made in t h e  p r o t o t : ~ e  design, so  t h e  mods1 ritxs changed t o  

cocform t o  the l e t e s t  design before t e s t i n g  be~an. 

Tha model s s  first t e s t e d ,  F i g u r e  6 ,  inc luded  t h e  chute ex t ens ion  

i n d i c a t e d  on t h e  d r ~ v i n g ,  o u t l e t  valves  8 p ~ c e d  a t  P G f o o t  c e n t e r s ,  and 

1/b:1 e l o p i n g  poo l  walls. A Type A eill, Fij iur~  3, ran p l c c s d  st the down- 

stream ecd of t h e  ~ t i l l i n e ? o o l .  7 i s u s l  o b s e r v - t i o n s  of t h e  f low i n  t h e  

poo l  showed RIL u n s t s b l e  jump when the  vs1vr.o w e r e  d i s c h e b r ~ l n g  d o n e .  This 

i s  e v i d e n t  f rom F i q u r e  qA which shows t h e  vri:ves c i i s c h n r ~ i n g  a t  t h e  %axituum 

ca.oacity o f  19,000 second- fee t .  I n  t h i s  i n s t s n c e  t h e  flow from the pool 

urns cqncentra tec!  on one ~ i d a  w i t h  a v o r t e x  on t n e  otlzer. With flow over  

the s2 i l lway  only, t h i a  c o n d i t i o n  of unsyrmnetry w a s  n o t  p r e s e n t ,  tuld r ~ e i t h e r  

was  i t  a p o n r e n t  f o r  the combined spillway rrnd va lve  d i ~ c i ~ a r g e .  Znwever, 

a t  t h e  n~xi rnun  c~mbinecl  valve a n d  spillwyy d i s c h a r g e  of jO,OOD second-feet, 

t h e  pool  surfmce VRS very r o w h ,  v i t h  waves of c o n s i d e r a b l e  magnitude formine 

i n  t he  pool.  

The scour cause& by a f l o w  o f  :O,OilC, aeconrl-.feet was n o t  e x c e ~ e i v r s ,  

b u t  as shown on F i g u r e  93, i n d i c a t e s  t h & t  t h e  f low from t h e  pool was n o t  

8yafnetr:cal even thouch t h i s  w a s  n o t  a p p a r e n t  from s u r f s c e  c n n d i t i o n s .  The 

p h o t c ~ r ~ p h  shows s c o u r  on t h e  r i g h t  a i d e  and n d e p o s i t i o n  of m a t e r i a l  on 

t h e  l e f t  s i d e  look in^ downstream. Thin d e f i n i t e l y  i n d i c a t e s  that a higher 

v e l o c i t y  exis te t !  on t h e  r i g h t  side of t h e  300 :~  than on t h e  l e f t .  

The unbalanced f l o w  i n  the pool  for both c o n d i t i o n 8  of o p e r a t i o n  can 

% be n t t r i b u t e d  t o  t h e  s l o ? i n g  s l d e w a l l e  o f  the s t i l l i n g - p o o l .  T h i s  con- 

d i t i o n  w q s  r e , c t i f i e d  in t h e  model by repl?cJ lng t he  s l o p i q  pool  wall^ with 



f low i n  t k,e p o o l  ~ n d  produced a symnletricnl  scbur p ~ t t e r n  ( F i g u r e  10) 

f o r  t h e  ssme c o n d i t i o n s  o f  f low i l l u s t r f i t e d  in F i g u r e  9. The d e p o s i t i o n  

of m e t e r i a l  st t h e  c e n t a r  and  imrnedi~tely downstream of  t h e  p o o l ,  and the  

~ d j s c e n t  s c o u r  i s  the r e s u l t  of  a combination of e x c e s s i v e  p o o l  e x i t  

v e l o c i t i e s  and t h e  a c t i o n  produced by t h e  s i l l ,  The s i l l  tended t o  l i f t  

t he  f low from t h e  bottom c a u s i n g  a low-pressure  r e g i o n  i m m e d i ~ t e l g  dawnstrearo, 

ichich would be d e n i d  of w a t e r  i f  there were no i n f l o w  t o  t h e  r e g i o n  fram 

the s i d e s .  This i n f l o w ,  i n  combinat ion w i t h  the v o r t i c e s  s e t  up at the 

e;iAe by t h e  h i . ~ h - e x i t  velocities, had s u f f i c i e 3 t  v e l o c i t y  t o  cause t h e  

scour .  D ~ p o s i t i o n  occurred when t h e  two oanosin~ s i d e f l o w s  met ~ n d  tu rned  

downstream. In  c e n e r a l ,  s c o u r  3f t h i s  t q e  i s  d i f f i c u l t  i f  n o t  imposs ib le  

t o  e1imi.n. t~ e n t i r e 1 7  as l o n c  9 s  a o o o l  s i l l  is used. 

A s  t h e  sbove r e s u l t s  Vera n o t  e n t i r e l y  s a t i s f a c t o r y ,  t h e  d e s i g n  w a s  

r e v i s e d  8 8  shown i n  Fiaure 3 ( r e v i s e d  Design Mo. 1 )  a n d  t e s t e d  w i t h  v a r i o u s  

lrr,ztns of ~ i e r  w a l l s ,  f o r  no d i s c h w g e  over  t h e  s 3 i l l w a y .  and w i t h  both  

v e r t i c a l  and  s l o p i n c  ~ o o l  walls i n  the combins t ions  shown i n  Table 1, 

Desicn 310. 1. Tne best r ~ s u l t s  were o b t s i n o d  w i t h  Ty-e I p i e r  walls, 

( F i ~ r e  b ) ,  v e r t i c a l  o o o l  walls, and the  v ~ ~ l v e s  m w n t e d  l e v e l  at 20-foot 

c e n t e r s .  The p i e r  walls  spaced between the v s l v e s  ? t a b i l l z e d .  t h e  no01 

wben lee6 t h a n  f i v e  v ~ l v e s  v e r e  o r e r a t i n g .  I n  t h e  absence  o* t h e  v i e r s ,  

Ips? t h a n  f i v e  v q l v e s  o p e r a t i n e  prodaced u n s y n z e t r i c a l  f low w i t h  larre 

v o r t ! r e e  fo rminc  i n  t h e  n o o l ,  r e s u l t i n g  i n  Foor e n e r g  d i s s i p ~ t i o n .  The 

l o n ~ e r  t h e  z i ~ r s  t h e  g r e q t e r  wzs t h e  a t a b i l i z i n r :  e f f e c t  R S  t h e  l o w e r  o i e r s  

~*.fi:nd~d c ~ m p l e t ~ l y  t h r o q h  t n e  nyr ' , raulic jun;. One c roup  of t e s t s  i n  

t h i s  d e s i s n  c n n a i s t e d  of  tiltia? t h e  v s l v e s  downward a t  an a n g l e  qf two 

d ~ c r e e s  rlnA ooer~.tinie: the  v s l v e s  w i t h  ?':ryes I ,  11, and I f 1  ~ 1 e r  walls 

(Ffirure L) i n  ~ l q c e .  Tho t i l t i ~  o f  t n c  vc~?ves  d i d  n o t  e f f e c t  the enera  

' i u 9 i p ~ t i o n ,  b u t  tended t o  d o c r e a s e  t n c  necaasar:? l e n z t h  of  t h e  apron. 



St , i l l in - -pool  Design No. 1 WP.A . n o t  b s t e d  w i t h  flow over the s~il1wa;v. 

Tho t e s t s  on t h i ~  design were conf ined  e n t i r e l y  t o  s t u d i e s  o f  the va lve  

flow a n d  t h e  d i ~ s i n ~ t i o n  o f  the j e t  energy. The o n l y  conclusion drawn from 

t h i s  o n r t  o f  t h e  study wss tha t  ~ i e r s  would be necessary between t he  v s l v e s  

f a r  u n s y m m e t r i c ~ l  ope ra t i on ,  m d  t h ~ t  they  should be extended into t he  pool - 
9.s fcr as p o s ? i b l a  

Th? s t i l l i n , - - p o o l  p r o f i l e  shown an P i e r e  : as Des1,qn No. 2,  was 

developed t o  reduce the 3001-exi t  v e l o c i t y  and t hus  reduce t h e  scour down- 

s t r enm.  The desLgn w a s  e s s e n t i a l l y  t h e  same as No. 1, erce? t  t h n t  i t  

enbodied a sham brerk i n  t n e  p a r a b o l i c  a?ron immed?fitely ucotrecm nf the  

zoo1 f l o o r .  I t  wss t houch t  that this might Increa .se  t h e  ef f ic iency of t h e  

e n e r g  r l i ~ s i o a t i o n  b u t  t h e  t e s t s  d i d  n o t  conf i rm t h i s .  T?,e s t e p  a c t u a l l y  

in t roduced  n ~otential sourcs of c % v i t * ~ t i o n  which nore tnan a f f s e t  any 

s 2 v s n t r g e s  that m i + t  be obtfiined from increased e n e r a  d i s s i p a t i o n .  Aa 

t h i s  4 e s i c n  wns not satisfactory, the model was revibsed ~8 shown on Figure - 
1, Desicn No. 3 .  

V e s i ~ n  Yo. 3 consisted of a lone a3rnn w i t h  a r e l a t i v e l y  s h o r t  hor i -  

zon tn l  g h o l  f l o o r  made i n t e n t i n n s l l g  t o  w t l l i z o  the ~ r i n c i u l e  of obtnining 

a hya.rau?ic junp on a sloping aDron, even tho  gh the r i v e r  depths  were no? 

comi;atible w i th  tne  ?urn;, heiqhts.  The perfor.mnce o f  t h i s  desigr! was as 

a n t i c i p a t e d .  T ~ P  j ~ i ;  forrned on t h e  a.Gron st a l l  rfischnrqes w i t h  e i t h e r  

t h e  v ~ l v e e  o r  t n e  sp i l lwav  d i s e h a r g i n , ~ .  At the co3bined dischnr,?e of 

30,000 second- fpe t ,  the 3001 (89.8 e x c e p t i o n a l l y  rough ant: t h e ' v e l o c i t y  of 

t h e  f lm  ss i t  l e f t  t h e  aool WAS a b a ~ r m l l y  high. As t h i s  w s a  t h o  csze In 

all t h e  ; rcvious  designs t e s t e d ,  it becam s p . a r e n t  t:wt i t  would  be nocesaar-#* 

t n  lower  t h e  pool  f l o r l r  t o  obtaln t h e  desired energy d5ssipr:tion a n d  v e l o c i t y  

. In the s t i  l l i n c -poo l .  



In Design Eo. 1! ( F i g u r 3  5 )  t h e  3001 f l o o r  WRS lowered t o  e l e n t i o n  

,7Pj0.00, t h p  \.!FL~~cJ were v e r t i c a l ,  and Type XV u i c r s  (F igure  4 )  were used 

b e t w ~ e n  t h e  vs.lves. A pho tog rmh  of this a r r angenen t  is shawn on Figure 1U. 
I - This  des icn  ghoved a n  i t r lp rav~rn~nt  i n  t h e  f low i n  t h e  s t i l l i n & - p o o l  

and l e e s  scollr  i n  t h e  channel  immerli~.tely daxnstreen. W i t 1 1  only t h e  o ~ l v e s  

dischqrqini.;,  t h e  junr former! i n  the! :~ps t r e~ . r a  n q r t  of thp. .cool, F igu re  115, 

nrri t h e  water  fitlrfnce w ~ s  not  r m f h  R S  i n  t?le ~ r e v i o u a  designs. A t  the 

conbined d i a c h ~ r g e  o f  50,000 second-f-t, P i m r e  1 7 A ,  the v e l o c i t y  of t he  

t lgter lpev!?e t h e  ?on1 vqs raduced over  v r e v i o l ~ s  d e s i g s ,  ~ n d  t h e  tendencr 

t9 form s i ? e  ed2i .s  i n  t h e  r i v e r  channel  was, ner-rlg e l i n i n a t s d .  

Pefgre o n  entire;:; s s t i s fac to r ; , -  s o l u t i o n  t o  Defiign No. L was obtained, 

R c o n s i ( : e r ~ b l e  number of v ? r i & t i o n s ,  shown on Table 1, were s t ~ l d i e d  i n  t h e  

rnr lGel .  These c o n s i s t ~ r l  of vxrying t h e  slone of t h e  p o o l  e:alls  f r o n  v e r t i c a l  

t o  1:1, i n s t a l l i n q  S-Fron t e e t h ,  and chancinq t h e  poo l  s i l l .  I t  w a s  shown 

c ~ n c l ~ i ~ i v e l y  i n  t h i s  s e r i e s  that ris far n s  t h e  1-nderson Xanch Dam Design 

WEB concerned,  t'le v e r t i c a l  walls produced t h e  most s a t i s f a c t o r y  3erfox-m 

snce.  The t e s t s  rrcre conducted by s t a r t i n g  w i th  v e r t i c a l  w s l l s  an? observing 

tht; f low i n  tF.e ~ o o l  f o r  a p p r t l c ~ l s r  d i s chs r ce ,  then  r e 9 e s t i n g  t h e  procedure  

f o r  w ~ l l  s l o p e s  a f  l / e : l ,  l/h:l, 3 /g :1 ,  1/2:1, P-nd 1:1. IE e2ch case t h e  * 
flov i n  t h e  2001 became lest steblc!  w i t h  each dec r ea se  i n  s lope  u n t i l ,  a t  

t h ?  1:1 vs lue ,  severn edd i e s  formed at each s i d e  of t ne  TOO: and t h e  main 

f i w  ir. t h e  c e n i e r  WP-s extremely u n s t a b l e .  

C? t o  thls n n i n t ,  the T p e  Iir c i ~ r ~  wexe u s e l  on t he  s t i l l i n u - p o o l  

nrrnn. A b e t , t e r  s.? ,earin;. and more econo,:ics.l s t r u c t u r e  could be ob ta ined  

.:.? thov t  ? : r s ~ t  t i n q  t h e  h y d r ~ u l l c  characteriQ,tic~o of t h e  a t r u c t l ~ r ~ ,  by 
.. 

sl t ~ r i n r  t h e  qhe?e o f  the downstream en36 o f  the aiers. * i t h  t h i s  i n  view, 

five a d d i t i o n a l  t e s t s ,  shown on Table 1, were 3Crformed w i t h  !?,nee V, VI, 

YII, VIII, snd I X  ~ i e r s ,  F i c u r e  h. Prom these t ~ s t s ,  t h e  Type V I  ? i e r  wes 

onns i f i~red  t h e  most s u i t s b l e  ~ n 4  WP,S recom~ended f o r  tne f i n s 1  des ign .  





900 u53 
t . 1 ~  Frirint-Kern C ~ n a l  o u t l ~ t e  where t h e  r n ~ d e l  t e s t o  wi th  h o l l o w - j e t  v a l v e s  

i n d i c n t s d  t h s t  R d i f f e r e n t  anron p r o f i l e  wa8 d e s i r a b l e .  v 

Piwome t r i r .  n r e squ re s  and m t a r  s u r f a c e  p r o f i l e s  were triken f o r  the 

f i n o 1  d e a i ~ n ,  F i q i ~ r e  1L. Thrse  show p o s i t i v e  p r e s s u r e s  on t h e  apron  t e e t h ,  

- s  well n s  thr3l1:hn11t t h e  rornriindsr o f  t n e  s t r u c t u r e ,  f o r  maximum d isch7 . rge  

th rouch  t h e  v a l v e s  nnd over t h e  s ~ i l l w q v ,  excent  whore  o thnrwise  noted. 

Two sets o f  D r - R q s r 1 7 s  ere shnwn on t h e  ccr-zes: one f n r  n o r m 1  t a i l w a t e r ,  

snd one f o r  t h e  t ~ i l w a t e r  e l s v ~ t i c n  5 f c e t  lower thnn norm.1. I n  g e n e r a l ,  

t h a  lo* , .e r ing  nf the t a i lwr i t e r  reduced t h e  Dresnures  8s was t o  be elrpected. 

A 1 9 0  i n c l u ~ l e d  on F i p r e  lk a r e  water s u r f a c e  p r o f i l e s  f o r  n e s i ~ n e  Nos. h 

and 5 wi th  v e ~ t i c t i l  no01  wall^. A ~ h o t o g m ~ h  o f  the  rocomrnended design 

w i t h  both scillwny ~ n d  o u t l e t  v a l v e s  o p e r a t i n g  at  maximum c a w c i t y  i e  shown 

on F i ~ u r e  12A. 

A s cou r  a i c t ~ ~ r e  of t h e  f i n d  d e s i ~ n ,  shown on Figure 12B, r e p r e s e n t s  

tho  scour  ob t a ined  i n  t he  model w i t h  maxlnm flow f o r  two hours corrssponcling 

t o  1L hours, pro to type .  

R.eco:nmenrier! O p a r ~  t i o n  

In an:.? s t i l l i n g - 3 0 0 1  where e- h : r d r ~ u l i c  jump is formed, t h e  f l o w  e n t e r i n g  

t h e  2001 must be snrenr! uniformly across the  e n t r m c e  to  o b t a i n  en t l e -  

f nc to sy   result^. With the o u t l e t  valves d i s c b - r c i n g  i n t o  t h e  poo l ,  the 

bes t  r e s u l t s  were ob t a ined  when a11 f i v e  v a l v e s  were d i s c h ~ r g i n g  t h e  same 

soount  of rater.  Under c e r t ~ i n  c i r c u n s t ~ n c e a  i t  w i l l  not  ~ l w l l y s  be possible 

t o  rlbt.n.!n syr,matrica-1 oper*.tion, especi~lly if one a r  nore  v a l v e s  Rre being 

renu i red  during t h e  o n e r n t i n e  senson, o r  i f  the  r equ i r ed  d i s c h a r m  i s  so  

low t h n t  i t  i s  n o t  p r a c t i c a l  t o  m e n  a l l  five v s l v s s .  The i n t e r m e d i a t e  

o i e r s  b ~ t w e e n  t h e  vnlves %re %n a i d  Pn s t a b i l i z i n g  t h e  oool f o r  unaymetrical 



the  l :?h m n r l e l ,  which was cone t ruc ted  for t h i s  ~ u r n o s e ,  should be  tsken:  

F i r a t ,  t h e  diocharcc! from R ~ Y  one v a l v e  ehould not exceed 1,500 second-feet  
a unless al l  f i v e  % r e  ouer%t ing ,  t hnn  i t  cnn be a l lowed  to  a 3 ~ r o a c h  ;?,000 

second-feet  qrom each va lve .  Th i e  a r e c ~ u t i o n  i s  neceseary  b ~ c ~ u a e  o f  the  

m e i f o l d  n r r sn~tsment  by which t h e  valves a r e  connected t o  t h e  ?enstock.  If - 
a l l  five v a l v e s  Rrc o u ~ r s t e d  f u l l y  open, t hey  w i l l  d i s c h a r u e  ~ a p r o x i m s t e l s  

2,000 second-feet  o e r  v a l v e  w i t h  sn e f f e c t i v e  hond of 159 f e e t  immediately 

~ ips t rce rn  from t h e  va lves .  When one v r l v e  IR com-oletely c lo sed  and t h e  

remiriing f o u r  set f u l l y  open, t h e  d i s cha rge  z e r  vfl.lve w i l l  increaere t o  

2,215 eecond-feet snd the effective head v i l l  be 195 fee t .  A s  t h e  c roce s s  

of c l o s i n , ~  dqwn one v a l v e  at a t i m e  i s  con t inued ,  t h e  d i s c h a r ~ e  per va lve  

remnining f u l l y  noen i s  as fo l lows :  Three v a l v e s  2,437 second-feet  each, 

two valves ?, 650 seconfi-f p e t  each, and one va lve  2,805 eecond-feet  , csssumirq 

a f u l l  r e s e r v o i r  under  a l l  c m d i t i o n s .  The s t i l l s r l g -poo l  is not sdeouste 

f o r  t,he h iphe r  s i n c l e  vn lve  d i s c h a r g e s ,  end f o r  t h i s  reaaon,  I t  w i l l  be 

necessary t o  limit t h e  d i scharge  ?er P P - ~ V P  t o  1,500 second-fnet  u n t l l  a l l  f i v e  

valves are o a o r ~ t i w ,  a t  which t ime a l l  o f  the v a l v e s  can be one ra t ed  fully oosn. 

L f n i t i n c  t h e  d i s cha rqe  p e r  v n l v c  t o  1,500 second- fee t ,  u n t F l  a l l  of 

the  v ~ l v o s  q r e  d i s c h a r g i n q  r e s t r i c t s  tfle energy o f  the j e t s  t o  a v e l u e  

c o n s ~ , t  ible wi th  t h s  c a ~ a c i  t y  o f  the  s t i l l in .7-yoof .  

When i t  i s  necesnary t o  o c e r a t e  less than f i v e  va lve s ,  the f o l l o w i n g  

c o m b i n ~ t i o n s  %re recommended: 

One vclve--$enter  va lve  

Two V H ~ V ~ S - - V F ~ ~ V F S  r ld jacent  t o  c e n t e r  valves 

Three valves--Center v a l v e  ~ n d  ou t e ide  va lve s  

Pour valves--All  but  c e n t e r  v e l v e  



R .  V c r t l c ~ l  s t i l l i n c - p o o l  r r ~ l l a  a r e  more s a t i s f ~ c t o q v  thnn 

s l o p i w  wnlle. 

b. Intermerl inte  ? i e r s  between t h e  va lvns  asre necee s s ry  f o r  

unb~lanced v ~ l v e  ope ra t i on .  

c. Anrnn t e e t h  increase t h e  c n e r m  d i s a i p u t i o n  i n  R 

e t i l  Zing-pnol; however, wi th  the hiqh he3d at Anfiereon Rxnch D m ,  they 

BRY be s u b j e c t  t o  c a v i t n t i o n ~ l  erosion. 

d. I t  w i l l  be necessa~y  t o  limit the d i s c h a r g e  per va lve  t o  

1,500 ae rond- fne t  when lesp t h an  f i v e  valve8 are o~erating t o  o r even t  

e r o s i o n  d ~ u n g t r e ~ m  from t h e  pool. 
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